Figure 1
Representation of the convenience store with the designed solution.

Cooling Degree Days (CDD18) was the variable used
to determine if two periods were comparable in energy
terms, since most of the commercial buildings tend to
have a high demand for cooling (Aguilar Gallardo et
al., 2020). June was the selected month since it had a
similar CDD18 value (269) as April (BizEE, 2021). In
June the electrical energy consumption decreased by
16%. Details of the results are exposed in Figure 3.
Figure 3
Daily electrical energy consumption during April & June (2021).

The growth in electrical energy consumption is a
product of the unceasing industrialization and
persistent global economic development that has
occasioned a worldwide process of reconfiguration
and optimization in the sectors of production,
manufacturing, and services (Michaelides, 2018).
Due to this fact, organizations have acknowledged
the importance of applying energy efficiency
strategies and technologies dedicated to promoting
and ensuring economic development and
environmental sustainability (Weeber & Sauer,
2018). In order to demonstrate the financial and
environmental benefits derived from optimizing
energy efficiency, this poster exposes the strategies,
solutions, and associated results produced in an
energy management project carried out in a
convenience store located in Panama.

To provide an integrated solution, the energy
consumption of the convenience store was classified
and addressed in the following systems: HVAC,
Refrigeration, and Lighting. It is important to
highlight that the energy that was not consumed in
any of the three main systems mentioned above,
was sorted out in a group defined as Others. The
solution consisted of a measurement and control
system that was designed to gather energy
consumption data and control the actions on three
main systems. In addition, the solution proposed
several changes in the standards of thermal comfort,
food safety temperatures, and luminosity levels per
zone of the convenience store. The details of the
solution are presented in Table 1 and sustained with
a representation of the convenience store shown in
Figure 1.

Note. This picture is not an accurate source of information to point out the exact position of
the sensors, controllers, or any other hardware involved in the solution.

Table 1
Energy efficiency solutions segmented by system.
No

1

2

3

4

System

Solutions

Measurement
and Control

Gathering of electrical energy data such as power, current, voltage,
and power factor. Control of the HVAC, Refrigeration, and Lighting
Systems. Gathering of environmental data such as temperature,
humidity, and illuminance. Alert system for abnormal variations in
energy, temperature, and humidity.

HVAC

Indoor temperature and humidity data gathering. Thermal comfort
control in function of the temperature and humidity levels.
Automatic scheduling of the air conditioning equipment.

Refrigeration

Food storage temperature measurements. Automatic scheduling for
refrigeration equipment. Optimization of the refrigerators and
freezers thermostat control parameters.

Lighting

Exterior illuminance measurements. Automatic scheduling for the
store sign. Daylight harvesting control for the lamps adjacent to the
windows. Adjustments in the store lighting arrangement to reduce
the lighting power density per zone.

April (2021) was the selected month to scrutinize the
energy consumption in the store before implementing
any energy efficiency solution. Results revealed that
the energy consumed during that month had a value
of 8.01 MWh. The distribution of the energy
consumed during April is displayed in Figure 2.

Note. The average daily electrical energy consumption decreased from 267 kWh to 223 kWh.
In June the energy consumed was 6.70 MWh compared to the 8.01 MWh in April.

In addition, an hourly comparison between the first ten
(10) days of both months was done. The heatmaps
shown in Figure 4 and Figure 5 exposes more in-depth
detail about the results achieved with the energy
efficiency solution.
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Figure 6
Estimated annual benefits from the energy efficiency project.

Note. The carbon footprint factor (0.686 kg CO2e/kWh) was extracted from a biennal update
report from the Environmental Ministry of Panama (MiAmbiente, 2018).

This work validates that energy efficiency is a
powerful tool to achieve environmental sustainability
and increase economic profitability within a
company. Furthermore, the development of energy
efficiency projects in Panama contributes to the
objective of the National Energy Secretary of
maximizing the country's energy efficiency (SNE,
2016). Undoubtedly, the future execution of energy
efficiency projects will provide numerous economic,
environmental and social benefits to any company
involved and to the national energy institutions that
are compromised with Panama’s National Energy
Plan 2015-2050 (IRENA, 2018).

Figure 4
Hourly electrical energy consumption during April (2021).

Special thanks to the EnergyCloud company for
providing access to the EC Data energy management
platform where the convenience store's electrical
energy consumption data is stored.

Note. Pre-implementation energy consumption in the store. Source: (EnergyCloud, 2021).

Figure 5
Hourly electrical energy consumption during June (2021).

Figure 2
Distribution of the energy consumed in April 2021.

Note. The HVAC system represented more than half of the energy consumed. This was an
expected outcome since Panama is a tropical country with high demands of cooling.

To estimate the economic and environmental benefits
that the convenience store could obtain annually,
projections were made based on the data collected
during the execution of the project. A summary of the
results is shown in Figure 6.

Note. Post-implementation energy consumption in the store. Source: (EnergyCloud, 2021).
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